To make adaptive decisions in a social context, humans must identify relevant agents in the environment, infer their underlying strategies and motivations, and predict their upcoming actions. We used functional magnetic resonance imaging, in conjunction with combinatorial multivariate pattern analysis, to predict human participants' subsequent decisions in an incentive-compatible poker game. We found that signals from the temporal-parietal junction provided unique information about the nature of the upcoming decision, and that information was specific to decisions against agents who were both social and relevant for future behavior. B y observing the choices and behavioral cues of others, individuals can learn about, and rapidly adapt their behavior to, dynamic environments (1, 2). Indeed, social information obtained by observing other agents' actions optimizes the learning of environmental contingencies (3). Mental state attribution is the lynchpin in this process, enabling individuals to decipher the motivations underlying the behavior of other agents and predict their upcoming actions (1, 4, 5) . Different agents have different relevance for behavior, and failing to distinguish relevant from irrelevant agents may lead to following deceptive advice (6) or conforming with the attitudes or opinions of others (7, 8). Accordingly, some of the most striking examples of human social cognition reflect the differentiation between more and less important social partners: more heavily weighting the preferences of key players when making group decisions (9, 10), discriminating strategic actions from random behavior (11), and comparing oneself to more similar others (12).
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B
y observing the choices and behavioral cues of others, individuals can learn about, and rapidly adapt their behavior to, dynamic environments (1, 2) . Indeed, social information obtained by observing other agents' actions optimizes the learning of environmental contingencies (3) . Mental state attribution is the lynchpin in this process, enabling individuals to decipher the motivations underlying the behavior of other agents and predict their upcoming actions (1, 4, 5) . Different agents have different relevance for behavior, and failing to distinguish relevant from irrelevant agents may lead to following deceptive advice (6) or conforming with the attitudes or opinions of others (7, 8) . Accordingly, some of the most striking examples of human social cognition reflect the differentiation between more and less important social partners: more heavily weighting the preferences of key players when making group decisions (9, 10), discriminating strategic actions from random behavior (11) , and comparing oneself to more similar others (12) .
A key challenge for neural models of social cognition comes from the very ubiquity of social signals. Social signals in the natural environment are frequent, highly salient, and good predictors of needed future behavior. Information derived from social agents, therefore, might be processed by generalized neural systems that are geared toward identifying any important events in the environment rather than by specialized systems that carry information in specifically social contexts. This challenge and the difficulty in distinguishing its predictions from that of social cognition models lie at the heart of debates in the field (13, 14) .
To explore the interaction of social agency with behavioral relevance, we used a simplified poker game (15) in which participants (n = 18) played against human and computer opponents (Fig. 1) . The opponents alternated across eight functional runs, and the same real human opponent competed against all participants in an independent and incentive-compatible manner (Methods). The human and computer opponents were matched on overall decision probabilities so that differences in observed behavior and brain function could be attributed to perceived social agency.
In each trial, participants first viewed a picture of their opponent. Participants were then presented with either a high card that would win if they chose to bet and were called or a low card, indicating that would lose if they chose to bet and were called. When the participant did bet, control of the game passed to the opponent who then decided to call or fold (i.e., bet by adding more money or fold by ceding the pot to the participant). Participants won money in this game when opponents bet on trials when they held high cards or folded on trials where the participant bet while holding a low card. Thus, participants maximized earnings in this game through bluffs that prevented the opponent from accurately guessing the card that was held. On average, participants bluffed 54% of the time (range from 29 to 73%), consistent with the equilibrium solution to this game (15) . Participants' bluffing decisions were significantly influenced by their opponent's behavior on the previous trial [t(17) = 8.8, P < 0.001], with greater effects found for human compared with computer opponents [t(17) = 2.3, P = 0.032].
Our functional magnetic resonance imaging (fMRI) analyses used multivariate pattern analysis (MVPA) at the time of card presentation to predict the participant's subsequent decision, which occurred 6 s later in the trial. We conducted a combinatorial whole-brain analysis that allowed estimation of the unique information carried within local brain segments (16, 17) . For every segment, we calculated the average increase or decrease in predictive performance when paired with other brain segments (Materials). We refer to this quantity as the unique combinatorial performance (UCP). A high UCP means that a region carries information that can predict future behavior beyond that obtained from other brain regions. A low UCP means that information within a region is largely redundant with that of other regions. Across both opponents, significant UCP was found in regions often associated with social cognition, including regions in both the dorsal and the medial prefrontal cortices (table S2) .
A standard approach for establishing functional specificity in neuroscience research is subtraction, that is, statistical comparison of two conditions that differ only in one process of interest. However, activations identified by subtraction may not be unique to the process of interest (Fig. 2C) . In contexts like the current task, signals associated with selective attention and vigilance may be present in both social and nonsocial contexts but are more engaged when a social stimulus is present (18, 19) . To remove these general cognitive effects, we regressed UCP for a human opponent against UCP for a computer opponent (Fig. 2B ). Across regions, there was a robust correlation with a slope greater than one (slope = 1.4, P = 0.016). The general consistency of this response-including for brain regions often described as constituting a social network-implies that the processes engaged during the performance of this task are greater for, but not specific to, social context.
To quantify whether any local brain regions carried distinctly social information, we defined a metric of social bias (Fig. 2D ) by using the normalized residual distance from the whole-brain regression line shown in Fig. 2B (Methods) . A region with a positive social bias has a greater UCP against the human opponent than against the computer opponent. One region, the temporalparietal junction (TPJ), exhibited an extreme social bias that was five standard deviations higher than the mean of all other brain segments (Fig.  2E) . The gap between the social bias found in the TPJ and that found in the second-most-biased region was greater than the range of variation throughout the remainder of the brain. This in- Fig. 1 . A single-card poker game. Each trial begins with a picture of the opponent (i.e., a photograph of the human opponent or a computer). The participant's card is revealed, and they then decide whether to bet (B) or fold (F). Buttons then appear, with left/right position randomized across trials, and the participant indicates his or her response. If the participant chooses to fold, the trial ends. If the participant chooses to bet on the card, control passes to the opponent, who has 3 s to decide whether or not to match the participant's bet or fold. Predictions are made by using fMRI data associated with the time period highlighted in green. UCP for a human opponent was regressed against UCP for a computer opponent, across regions (green dashed line, slope = 1.4). For the range reported here, negative values of UCP correspond to a return to chance levels and not negatively predictive models. (C) The slope of the regression line in (B) is consistent with a general task effect (top), such that social contexts tend to engage task-related regions across the brain more than similar nonsocial contexts. A region that was highly engaged by the task might exhibit activation in a standard fMRI contrast (triangle), even if that region carried no independent contrast-related information. A systematic shift away from the regression line (×) would be necessary to show an independent effect in a region. (D) Social bias was defined by the residual difference (social minus nonsocial) in predictive power from the whole-brain regression line. (E) The magnitude of social bias in each region (normalized by the variance estimates for each segment's UCP), sorted by UCP against the human opponent. Only one region, the TPJ, contributed significantly more UCP against a human opponent than against a computer opponent, independent of the overall task effect. dependent contribution of the TPJ was robust to multiple forms of correction for brain segment characteristics (figs. S5 and S6) and to Bonferroni correction for multiple comparisons (Materials).
These findings identify a unique and independent role for the TPJ in representing information predictive of behavioral actions during social interactions. To rule out any potential biasing effects of this particular segmentation approach, which defined segments of the brain according to prior anatomical and functional divisions, we repeated all analyses by using random, voxel-based segmentations of the brain (Materials). Voxel-based UCP metrics were then calculated by using the median UCP across the different segmentations ( fig. S7 ). The analysis replicated both previous findings: a nonspecific overall increase in UCP against human compared with computer opponents (slope of 1.4, across all gray matter voxels) but strong social bias in the TPJ ( fig. S7D) . Moreover, the specificity of TPJ was maintained when extending analyses to combinations of three regions (figs. S9 and S10).
We next evaluated how the subjective behavioral relevance of each opponent modulated information within the TPJ. After completion of the scanning session, participants indicated whether the human or the computer was a better opponent. The social bias found in TPJ was present only for participants who judged the human opponent to be superior (Fig. 3A) ; again, its bias was more than five standard deviations from the mean normalized residual (Fig. 3B) . Conversely, no social bias was observed in TPJ for those who judged the computer opponent as superior to the human [t(6) = 1.3, P = 0.26; difference between groups: t(16) = 2.6, P = 0.02].
For comparison, we also plotted UCP for the medial prefrontal cortex (MPFC) and medial posterior cortex (MPC), a network of anatomical regions that, along with the TPJ, have been linked to aspects of social cognition (20) (21) (22) (23) . None of these regions exhibited a significant social bias. These results were robust to neural segmentation method selection, with analyses using random voxel-based neural segmentation producing very similar results ( fig. S8 ). Our findings indicate the MPFC and MPC contribute similarly to predicting future behavior in both our social and nonsocial settings, suggesting that they support computations that are critical for social cognition but also applied in at least some nonsocial settings (24, 25) .
Our results point to a specific role for TPJ within the social cognition network and demonstrate the unique sensitivity of this region to perceived behavioral relevance of other agents. The TPJ stands out as a contributor of unique and independent social information, even compared with other regions considered to be recruited by social cognition (Figs. 2 and 3 ). This finding indicates a potential reconciliation for the opposing perspectives that have been proffered for TPJ function: mental inference (26) and orienting to salient external stimuli (14, 27) . Responses in the TPJ during social cognition tasks may reflect the nexus of these two operations-that is, interacting with an opponent whose internal states can be modeled (i.e., another human) and whose behavior is also relevant for guiding one's future actions. This interpretation is consistent with demonstrations that TPJ is activated when inferring an adviser's motives when the advice is relevant for an upcoming decision (6) or on potentially highly rewarding trials when implementing an advanced strategy during an interactive choice game (28) . However, the present results demonstrate that the TPJ is not generally recruited by external social stimuli but specifically contributes to choice deliberation when modeling the behavioral and cognitive tendencies of a social agent. Accordingly, when others are of lower status (29) or not considered relevant for future behavior, as in the case of dehumanization (30) , the TPJ may be disengaged. The sensitivity of TPJ to both social context and perceived relevance highlights a critical role for this region in coordinating behavior in a dynamic, social environment and demonstrates the capacity of behavioral relevance to modify neural signals. 
